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1 Introduction

As shown in [1] the current specified level for the minimum UE TX power (i.e. –44 dBm) seems to be enough for the macro scenario. However, in [2] some concerns about the micro cellular deployment were raised. In this paper, the effect of the minimum UE TX power in a multioperator macro-micro scenario is studied.

2 Problem Description

Due to the low Minimum Coupling Loss (MCL) in micro and pico cellular environments, part of the UEs would like to transmit with lower power than the currently specified minimum allows. Therefore, the level of uplink noise rise will in general become considerably higher than without such a limitation. Since the micro and pico cellular systems are usually planned for capacity and not for coverage, the systems can tolerate rather high absolute noise rise levels without running into coverage problems. However, other kinds of problems may occur. For example, in a multioperator or multilayer scenario the interference to and from external sources can be problematic. Furthermore, the planning of the radio network algorithms, so that a reasonable level of capacity will be reached, can become difficult.

Usually, micro and pico base stations can be desensitised in order to minimise the problems caused by the limited UE TX power. However, as mentioned in [2] a high level of desensitisation is not possible if micro cells are used also for indoor coverage. Unfortunately, also the high absolute uplink noise rise levels due to the internal interference shrink the indoor coverage. Thus, a good outdoor-to-indoor coverage requires low UE TX minimum power. However, if no extensive outdoor-to-indoor coverage is required, the base stations can be desensitised (or absolute high noise rises allowed) without any coverage problems. The only concern is that the system may get too close to the unstable state, if the admission control algorithms are based only on the measured uplink interference. In that case, if the admission control threshold is planned for the specified minimum UE TX power (which is only a minimum requirement), the quality of the actual UEs may cause the number of admitted UEs to considerably exceed the planned level. In general, the lower minimum UE TX power and/or higher level of desensitisation, the closer the system becomes to the ideal (unlimited) case.

As mentioned, desensitisation provides a level of protection against external uplink interference. Of course, the absolute high noise rise (due to the internal interference) does the same thing. However, the high noise rise without desensitisation gives only a statistical protection against external interference; it can happen, that the internal interference is low, and therefore the impact of external interference can be considerable. Anyhow, the system should not run into coverage problems due to the external interference, but the tuning of the radio network algorithms can become difficult (if the uplink interference is used as an input).

When looking at the interference to the external systems, the lower UE TX power the better. Here, the desensitisation performs worse compared to the situation without any desensitisation because it increases the average UE TX power in the micro/pico system. In fact, the micro-to-macro uplink interference can have more noticeable effects than the macro-to-micro interference because the macro cells are usually planned for coverage. Thus, even a slight increase in the external interference can cause the macro cell capacity to drop.

Thus, in the end one should find a balance between the required level of protection, coverage (e.g. indoor penetration), interference to external systems, and implementation complexity.

Description of Simulations

Figure 1 presents the cell plan used in the simulations. Macro cell layer consists of 9 cells, which are wrapped-around. Micro cell layer consists of 72 cells placed on the Manhattan grid. Normal, and probably more accurate interference calculation method (similar to the macro-macro scenario) was used instead of the simplified model given in [3]. Here, the impact of each UE-to-BS connection was taken into account. Thus, each macroUE-to-macroBS, macroUE-to-microBS, microUE-to-microBS and microUE-to-macroBS was included in the final macro/micro uplink noise rise values. The path loss between a micro base station and a mobile located outside the city area was calculated using the COST Walfish-Ikegami model given in [3], i.e. similar to the micro cell propagation model, but without the street level propagation component. This approximation will probably result in slightly too high path loss values, but it should have no considerable effect to the end results, since the path loss will be large anyway. Uplink interference values for the macro cells were collected only from the 3 macro cells overlapping with the micro cells. In the multioperator scenario the Adjacent Channel Interference power Ratio (ACIR) was set to 33 dB. All other applicable simulation parameters were set according to [3]. During the simulations the average macro cell load was kept constant at a level of 50 UE/BS. Only the 8 kbps speech service is simulated.

[image: image1.png]-1500 -1000

3500

3000 -

2500

2000

1500 -

1000 -

500 -

-500

0 500 1000 1500 2000 2500 3000

-500




Figure 1.  Cell deployment for the macro-micro scenario.

The simulations were run for different levels of micro cell desensitisation, and also for different minimum UE TX powers in order to see the effect these parameters have to the inter- and intrasystem interference. In order to check the impact of intersystem interference compared to intrasystem interference, a single operator case was also simulated.

Simulation Results

First, all the simulation results for different scenarios are presented. Then, the results are analysed a bit closely, and some main observations are made. As mentioned, in all cases the average macro cell load was fixed to 50 UE/BS.

2.1 Single operator scenario. No desensitisation
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Figure 2.  Average noise rise in the micro cells as a function of the micro cell load.

In the single operator scenario the average noise rise in macro cells is approximately 4.4 dB with a load of 50  macro cell UE/BS (no dependency on the micro cell load). This value can be used as a reference when looking at the micro-to-macro interference in a multioperator scenario, i.e. it is the level of the internal macro cell layer interference when no micro cell users are active.

2.2 Multioperator scenario. No desensitisation
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Figure 3.  Average noise rise in the micro cells as a function of the micro cell load.
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Figure 4.  Average noise rise in the macro cells as a function of the micro cell load.

2.3 Multioperator scenario. Level of desensitisation = 10 dB
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Figure 5.  Average noise rise in the micro cells as a function of the micro cell load.
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Figure 6.  Average noise rise in the macro cells as a function of the micro cell load.

2.4 Multioperator scenario. Level of desensitisation = 15 dB
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Figure 7.  Average noise rise in the micro cells as a function of the micro cell load.
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Figure 8.  Average noise rise in the macro cells as a function of the micro cell load.

2.5 Multioperator scenario. Level of desensitisation = 20 dB
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Figure 9.  Average noise rise in the micro cells as a function of the micro cell load.
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Figure 10.  Average noise rise in the macro cells as a function of the micro cell load.

2.6 Observations

The cells in the simulated scenario are so small, that an outage situation requires extremely high noise rise values. Therefore, the noise rise values are studied instead. After all, the admission control can be used not only to secure coverage, but also to secure a stable system. In the scenario presented in this paper, the latter is in fact the case. Even in macro cells, the relative (internal) load has to be limited to a secure level. This means, that if the admission control looks only at the measured uplink interference, and is not able to judge how much of the total interference comes from external sources (i.e. outside the own system), the threshold must be set to a quite low value (e.g. 6 dB). In an ideal case the admission control can take both the relative (internal) load level, and the actual coverage situation into account, and dynamically adjust the threshold (i.e. the threshold should more or less follow similar curves as shown in Figures 4, 6, 8 and 10), but that is not assumed in the following analysis.

In the simulated system scenario the effect of macro-to-micro uplink interference is negligible even if the minimum UE TX power is as low as –50 dBm (compare the curves in Figures 2 and 3). This is of course due to the high internal interference in the micro cells caused by the minimum UE TX power limitation. Furthermore, the probability of having a high power macro user close to a micro base station is also very small (due to the small cell sizes, both macro and micro).

On the other hand, the micro-to-macro interference seems to be considerable even though none of the macro base stations are totally surrounded by micro UEs. This type of interference gets worse with a higher minimum UE TX power and/or desensitisation level. If the macro cells are aggressively planned for coverage (not the case in these simulations) even a slight increase in the average noise rise can have a dramatic effect to the macro cell coverage/capacity. However, even in small macro cells the capacity can suffer, this time via the admission control algorithm.

As mentioned, the macro-to-micro uplink interference can more or less be ignored in the studied scenario. However, if the micro cell admission control is based on the measured uplink interference, the micro cells can still run into problems. In order to reach a relatively high capacity level, the uplink interference threshold must be quite high. Now, depending on the actual minimum UE TX power levels in the system, the actual number of users admitted into the system can differ (see the Figures 3, 5, 7, and 9: same uplink noise rise results in different relative micro cell load levels when the minimum UE TX power changes). Thus, it can happen that the system may get too close to the unstable state. Generally speaking, the lower minimum UE TX power and/or higher level of desensitisation, the lower required admission threshold, which also leads to a more stable system. Unfortunately, even a relatively moderate level of micro cell desensitisation can affect the macro cell capacity. Thus, in order to rescue the macro cell capacity, the minimum UE TX power should be decreased instead.

3 Conclusions

The simulations for the macro-micro scenario showed that even –50 dBm seems to be too high level for the minimum UE TX power in the micro cellular environment, i.e. part of the mobiles would still like to transmit with a lower power. However, the difference between –44 dBm and –50 dBm minimum power level is considerable, in particular when it comes to the micro-to-macro interference. That 6 dB decrease in the minimum UE TX power will bring the situation much closer to the ideal (unlimited) case. Even if decreasing the minimum power below –50 dBm would improve the situation even further, the additional gain might not be worth the effort. Therefore, it is suggested that the minimum UE TX power should be decreased to –50 dBm.
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